Background/Objectives: Rheumatoid arthritis (RA) is associated with increased arterial dysfunction and increased risk of cardiovascular disease. Regular fruit and vegetable consumption prevents cardiovascular disease, but their influence on arterial dysfunction in RA has not been investigated. We assessed the relationship between daily fruit-vegetable consumption and arterial dysfunction in this high-risk group. Subjects/Methods: Participants were recruited from a consecutive series of RA patients aged 40-65 years without overt cardiovascular disease attending rheumatology clinics. Standardised research nurse assessment included SphygmoCor pulse wave analysis using radial applanation tonometry (a higher augmentation index (AIX%) indicates arterial dysfunction), fasting blood sample, patient questionnaire and medical record review. Multivariable analysis was used to adjust for age, sex, cholesterol, mean arterial blood pressure, smoking habit, alcohol consumption, physical activity, cumulative inflammatory burden, rheumatoid nodules, disability and education. Results: We recruited 114 RA patients: 81% female, mean age 54 years, median arthritis duration 10 years and mean AIX% 31.5 (s.d. 7.7). Fruit and vegetable consumption were significantly correlated (Spearman's rho 0.54, P50.0001) and on unadjusted analysis daily fruit and vegetable consumption was associated with a lower AIX% (À3.2; 95% CI À6.4 to À0.1, P ¼ 0.05). On adjusted analysis AIX% was lower with daily vegetable (À4.2; 95% CI À7.9 to À0.5; P ¼ 0.003), but not with daily fruit (À0.02; 95% CI À3.9 to 3.8; P ¼ 0.99) consumption. Conclusions: Daily vegetable consumption, but not daily fruit consumption, was independently associated with more favourable arterial function in patients with RA. These findings are consistent with the enterosalivary circulation of nitrate having an influence on arterial function.
Introduction
There is considerable evidence that the regular consumption of fruits and vegetables have an important role in maintaining cardiovascular (CV) health in the general population. Recent systematic reviews of long-term prospective cohort studies have reported a reduction in the risk of coronary heart disease associated with regular fruit-vegetable consumption (He et al., 2007) . In the large INTERHEART case-control study a 'prudent diet' (high in fruits and vegetables) was associated with a reduced risk of myocardial infarction (population attributable risk reduction 13%) that was independent of other CV risk factors (Iqbal et al., 2008) . The biological basis for the cardioprotective effect of fruits and vegetables remains uncertain (Kapil et al., 2010) . Antioxidants have previously been a leading contender to explain their cardioprotective effects, but a systematic review of randomised controlled clinical trails of antioxidant supplements has demonstrated harm rather than benefit (Bjelakovic et al., 2007 ). An alternative explanation for the beneficial effects of fruits and vegetables is the role of dietary inorganic nitrate in maintaining arterial nitric oxide (NO) production and arterial homeostasis (Kapil et al., 2010) .
Pulse wave analysis (PWA) is based on the phenomenon of 'arterial wave reflection' which augments the central aortic systolic pressure from middle age onwards (Smulyan et al., 2003; Soiza et al., 2007) . Augmentation index (AIX%) is a composite index of arterial dysfunction, derived from PWA, which indicates the combined influence of peripheral pulse wave reflection, pulse wave velocity and peripheral arterial resistance. PWA is also sensitive to alterations in endothelial function (Smulyan et al., 2003) . The combination of PWA with radial artery applanation tonometry permits the rapid non-invasive assessment of central arterial dysfunction without the need for invasive cardiac catheterisation (Smulyan et al., 2003) . Prospective cohort studies have demonstrated that AIX%, measured using the SphygmoCor device, is predictive of adverse CV events (Weber et al., 2010) .
Rheumatoid arthritis (RA) is a chronic inflammatory condition that shares several pathophysiological features with atherosclerosis (Ross, 1999) . Patients with RA are at a greater risk of CV death than the general population (AvinaZubieta et al., 2008) . Several previous studies have confirmed a greater level of arterial dysfunction (higher AIX%) in RA patients compared with healthy controls (Avalos et al., 2007; Cypiene et al., 2007) . We have previously demonstrated that arterial dysfunction (AIX%) in patients with RA is independently associated with cumulative inflammatory burden and arthritis-related disability (Crilly et al., 2009 (Crilly et al., , 2010 . Although diet is known to have an important influence on CV disease in the general population, the influence of diet on CV health in patients with RA is a neglected area of research (Stamp et al., 2005) . No previous studies have assessed the influence of diet on arterial function in patients with RA. The aim of this study is to examine the association between diet (daily consumption of fruits and vegetables) and arterial dysfunction assessed non-invasively using PWA in patients with RA.
Patients and methods
We recruited patients with RA by reviewing the medical records of a consecutive series of patients attending rheumatology clinics in Aberdeen. We recruited patients aged 40-65 years with a rheumatologist diagnosis of RA of more than 6 months duration. We excluded patients with overt arterial disease (angina, prior myocardial infarction, transient ischaemic attack, stroke, arterial revascularisation, intermittent claudication and peripheral arterial disease), atrial fibrillation, heart failure and valvular heart disease. Exclusion was based on an initial patient questionnaire, detailed medical record review and resting 12-lead ECG (reported by a cardiologist to exclude pathological Q-waves, minor Q-waves associated with ST-segment/T-wave anomalies and conduction defects).
Standardised assessment
An experienced research nurse undertook all study assessments according to a standardised procedure, which included: brachial blood pressure (BP) measurement, PWA, fasting venous blood sample, self-completed patient questionnaire, current medication review and ECG recording. All assessments took place in the morning after participants had fasted overnight and abstained from smoking, alcohol and caffeine. Following study assessment a single rheumatologist, blind to all PWA results, extracted data from the available medical records using a previously piloted form.
Patient questionnaire
Participants self-completed a study questionnaire, which included two questions related to diet derived from the selfreport version of the Multifactor Screener (National Health Interview Survey, NHIS, Cancer Control Supplement, 2000; Thompson et al., 2005) , to assess the intake of fruits and vegetables: 'How often do you usually eat vegetables other than potatoes?' and 'How often do you usually eat fruit (including fresh, frozen and canned fruits) or drink 'pure' (100%) fruit juices?' The nine response options are shown in Figure 1 . The questionnaire also included the Stanford Health Assessment Questionnaire (HAQ) (Bruce and Fries, 2003) , EuroQoL (Rabin and de, 2001 ), the Godin physical activity questionnaire; (Godin and Shephard, 1985) and questions concerning smoking habit (pack-years), alcohol consumption (units per week), family history of premature CHD (angina, myocardial infarction) among close biological relatives (males o55 years; females o65 years) and level of education. The questionnaire reflected those factors that were found to be associated with myocardial infarction in the INTERHEART study (Iqbal et al., 2008) .
Clinical assessment PWA was undertaken according to current guidelines using the SphygmoCor PWA device (SCOR v 7.01, AtCor Medical, Sydney, Australia) (Van Bortel et al., 2002) . Participants rested supine in a quiet room for 15-20 min before undergoing three BP/PWA measurements and did not talk during assessment. BP was measured supine at the right brachial artery using a validated automatic BP machine (Omron HEM-757 IntelliSense BP monitor; Omron Healthcare, Kyoto, Japan) (El Assaad et al., 2003) . PWA was undertaken using a hand-held tonometer probe (Millar tonometer, Houston, TX, USA) 'applanated' to the right radial artery. The SphygmoCor PWA device is calibrated against the brachial BP and employs a validated 'generalised transfer function' to derive the central aortic AIX% (central 'augmentation pressure' expressed as a percentage of the central aortic 'pulse pressure') (Pauca et al., 2001) . All three PWA recordings were required to have a device in-built quality index score of at least 95% (based on average pulse height, pulse height variation and diastolic variation). All PWA was performed by a single research nurse, who was blind to the patients' previous medical records at study assess-ment. We have previously documented high levels of both within-observer and between-observer PWA repeatability for our research nurse . Erythrocyte sedimentation rate (ESR) was measured at the point of assessment using the Westergren method. All the other blood tests were undertaken in a single hospital laboratory.
Statistical analysis
Normally distributed continuous variables are summarised as means (s.d.) and skewed continuous variables are summarised as medians (inter-quartile range). The 'cumulative inflammatory burden' for each patient, since the onset of arthritis, was estimated using the area-under-the-curve approach (AUC in ESR-years). This reflects both the duration and level of inflammation. The 'trapezium rule' was used to derive the AUC, based on the highest ESR recorded in the medical records during each year of follow-up, with linear interpolation when data for a given year were missing. For example, an annual ESR of 30, 10 and 20 mm/h over 3 years would equate to B60 ESR-years. Complete medical records were available for 112 patients who contributed a total of 1040 person-years of arthritis (complete records not available for two patients). An annual ESR was available for 77% (797/1040) of these person-years. The availability of an annual ESR for individual patients for each year since the onset of arthritis was a median of 93% (inter-quartile range 67-100%). The availability of an annual ESR did not differ by age, gender, rheumatoid factor, American College of Rheumatology RA criteria or Stanford disability index (data not shown). CV-risk over 10 years was estimated using the Scottish ASSIGN score (Woodward et al., 2007) . Social deprivation was assessed using the 'Carstairs Index', which is based on unemployment, overcrowded households, car ownership and social class derived from postcode linkage to the 2001 UK National Census (Morris and Carstairs, 1991) . AIX% was standardised to a heart rate of 75 beats-per-minute as it varies by heart rate in an individual (Wilkinson et al., 2000) . The study was approved by Grampian Research Ethics Committee (study reference: 04/S0801/67) and adhered to the principles of the Declaration of Helsinki. All participants provided informed written consent.
Multiple linear regression (MLR)
On the basis of the statistical 'rule of thumb' of 10 subjects per independent variable included in multivariable analysis, our original intention was to recruit at least 110 patients with RA so that up to 11 variables could be included in the adjusted analysis. MLR (SPSS version17.0) by direct entry was used to adjusted for three patient characteristics (age, sex and university education), three CV features (mean arterial BP, pack-years of smoking and total cholesterol/HDL-cholesterol ratio), three rheumatological features (Stanford HAQ disability score, cumulative inflammatory burden in ESR-years and rheumatoid nodule); and two lifestyle factors (Godin physical activity score and units of alcohol per week). We confirmed that the assumptions of linearity, normal distribution and equal variance for MLR were met. The inclusion of other individual variables in the final multivariable model (including the Carstairs Index of social deprivation, height, family history of premature coronary heart disease, treated hypertension, use of CV drugs, body mass index, waist-hip ratio, diseased joint count, previous joint surgery, study ESR, rheumatoid factors status and current use of disease modifying agents for rheumatic disease therapy) made no substantial difference to the relationship Table 2 ) between arterial dysfunction and the consumption of daily fruits and daily vegetables.
MLR was also use to compare differences in AIX% association with increasing frequency of vegetable intake (once daily; twice daily, three or more times daily) with 'less than daily consumption' as the reference group. As the numbers in each of these four categories are smaller than in the previous MLR analysis, the 'forward selection algorithm' for MLR (a variable selection technique) in SPSS was used to select which of the original 11 variables to include in this multivariable model. The five variables selected were: sex, mean arterial BP, pack-years of smoking, Stanford HAQ disability score and cumulative inflammatory burden in ESR-years.
Results
We recruited 114 patients (81% female) with a mean age of 54 (s.d., 6.6) years and median arthritis duration of 9.6 years (range 9 months to 35 years). Apart from one patient with a previous medical history of ulcerative colitis (successfully treated surgically more than 10 years previously), and another patient with a past history of gout, no other patients had any previous medical history of other chronic inflammatory conditions. Two patients were diabetic (both type II). No patients had a history of recent infection, antibiotic therapy or immunisation within the 2 weeks before assessment.
Vegetables were consumed less frequently than fruits ( Figure 1 ) and 76% of women reported consuming daily vegetables (83% daily fruits) compared with 71% (76%) of men, respectively. Overall 40% consumed vegetables X2 times a day and 45% of participants consumed fruits X3 times a day. The frequency of fruit and vegetable consumption were significantly correlated with each other (Spearman's rho 0.54; P50.0001).
Individuals reporting daily consumption of both fruitsvegetables also reported higher levels of education, healthier lifestyles and had lower levels of CV risk factors (Table 1) . Daily fruit-vegetable consumption was associated with a lower brachial BP, total cholesterol/high-density lipoprotein ratio, smoking, physical inactivity and alcohol consumption (although g-glutamyltransferase levels were similar in both groups). There were no substantial differences between the two groups in relation to age, family history of premature CHD, treated hypertension, fasting glucose, waist-hip ratio, body mass index or quality of life. Those reporting daily fruit-and-vegetable consumption had a lower predicted 10-year CV risk (median 6% vs 8%; Mann-Whitney U-test P ¼ 0.07) based on the Scottish ASSIGN score, although this absolute difference of 2% between the two groups was not statistically significant (Woodward et al., 2007) .
Except for a higher prevalence of subcutaneous rheumatoid nodules (absolute difference 15%; 95% CI À4% to 34%) among patients reporting less than daily fruit-vegetable intake, the rheumatological characteristics were comparable for the dietary groups. (Table 1 ) All patients had previously received 'disease modifying agents for rheumatic disease' therapy. The current use of cytokines was similarly low (6%) in both dietary groups. Complete medical records were available for 112 patients (1040 person-years of arthritis). The availability of an annual ESR for individual patients, for each year since the onset of arthritis, was high (median 93%; inter-quartile range 67-100%) and did not differ by age, sex, rheumatoid factor or Stanford HAQ disability (data not shown).
Mean AIX% was 31.5 (s.d., 7.7) and on crude unadjusted comparison AIX% was lower with daily fruit-vegetable consumption combined (mean difference À3.2, 95% CI À6.4 to À0.1, P ¼ 0.05) compared with less than daily consumption. Both daily fruit and daily vegetable consumption were separately associated with a similar reduction in arterial dysfunction on unadjusted comparison (Table 2 ). These differences remained largely unchanged on fully adjusted comparison when daily fruit consumption and daily vegetable consumption were included separately in the multivariable analysis (Table 2) . But when daily fruit consumption and daily vegetable consumption were both included together in the same multivariable analysis, only the statistically significant reduction in AIX% associated with daily vegetable consumption persisted (À4.2, 95% CI À7.9 to À0.5, P ¼ 0.03); the difference in AIX% associated with daily fruit consumption was essentially zero (À0.02, À3.8 to 3.8, P ¼ 0.99). The multivariable model was robust and accounted for 50% of the variability in arterial stiffness (adjusted R 2 ) and the full multivariable model is available on the Journal website as Supplementary Data. The quality of PWA recording was consistently high with a median quality index of 99.0% (inter-quartile range 97.0-99.7%). The inclusion of other additional individual variables in the multivariable model (including the Carstairs Index of social deprivation, height, family history of premature coronary heart disease, treated hypertension, use of CV drugs, body mass index, waist-hip ratio, diseased joint count, previous joint surgery, study ESR, rheumatoid factors status and current disease modifying agents for rheumatic disease therapy) made no substantial difference to the relationship observed (Table 2) between arterial dysfunction and the consumption of daily fruits and daily vegetables. There was no association between the daily consumption of fruits and vegetables and other haemodynamic indices (reflected wave transit time, augmentation pressure or pulse pressure amplification; data not shown). Differences in AIX% associated with increasing frequency of vegetable intake are shown in Figure 2 , with 'less than daily consumption' as the reference group. As the numbers in each group are smaller than in the previous analysis 'forward selection' was used to identify which variables to include in the multivariable model (sex, mean arterial BP, pack-years of smoking, Stanford HAQ disability score and cumulative inflammatory burden in ESR-years); the data underpinning Figure 2 is shown in a Supplementary Table. At each level of increasing vegetable intake the adjusted difference in AIX% was less than that in the reference group, but no biological gradient (of increasing arterial dysfunction with decreasing vegetable intake) was apparent.
Discussion
In this cross-sectional clinical study of RA patients free of overt arterial disease, the self-reported daily consumption of vegetables (but not of daily fruits) was associated with a more favourable arterial function (lower AIX%) than in individuals reporting less than daily consumption. This association was independent of the other established CV risk factors. A recent systematic review of the published evidence supporting a causal link between dietary factors and coronary heart disease, based on the 'Bradford-Hill guidelines', concluded that there was strong evidence supporting a protective role for vegetables, compared with only moderate evidence to support fruit (Mente et al., 2009) . A plausible biological explanation for the association we observed is the role of dietary inorganic nitrate in vegetables in maintaining arterial NO production and arterial homeostasis (Kapil et al., 2010) . Dietary nitrate may have an important role in maintaining arterial homeostasis and arterial NO production, particularly when the classical 'L-arginine/endothelial NO synthase' route is compromised by ischaemia (Kapil et al., 2010) .
The major pathway for the production of arterial NO is through endothelial NO synthase, which catalyses the reaction of L-arginine with molecular oxygen (Kapil et al., 2010) . Until relatively recently it was thought that dietary nitrate was of limited CV importance as it cannot be converted to bioactive NO by mammalian enzymes. However, recent research has demonstrated that dietary nitrate can be converted to nitrite (and then to NO) via the 'enterosalivary circulation' (Kapil et al., 2010) . Vegetables are the source of 70% of nitrate intake in the UK (Ysart et al., 1999) , and green leafy vegetables, which have particularly high levels of nitrate, are associated with a cardioprotective effect (Joshipura et al., 2001) . Nitrate in the diet rapidly enters the circulation via the proximal small intestine and is concentrated in the salivary glands. Commensal anaerobic bacteria on the tongue convert nitrate in saliva to nitrite, which is then swallowed and enters the circulation via the small intestine. In the arterial system nitrite can be converted to NO by the action of several nitrate reductases (including deoxyheamoglobin, myoglobin and endothelial NO synthase itself) (Kapil et al., 2010) .
On the basis of our findings we think that the mechanism by which more frequent vegetable consumption might reduce AIX% (improve arterial dysfunction) in patients with RA is by increased endothelial NO production supported by the enterosalivary conversion of nitrate to nitrite. Improved endothelial function would result in reduced arterial resistance in the peripheral arterial tree with a reduction in the magnitude of arterial wave reflection back towards the heart. If this is the mechanism involved then increased NO production in smaller muscular arteries and the microvasculature are likely to have a more important role than in the predominantly elastic aorta.
A limitation of this study is that our dietary assessment was relatively crude. We have not assessed broader dietary patterns and we cannot exclude the possibility that participants who consume more vegetables may also consume larger quantities of other dietary constituents (such as fibre, flavonoids and carotenoids) that may also influence arterial function. Given the cross-sectional nature of this study we cannot demonstrate that increased vegetable consumption causes a reduction in arterial wave reflection. A randomised control trial would be required to demonstrate that increased vegetable consumption improves arterial function. Consequently our speculation about the possible mechanisms involved must be treated with caution. We recruited a sufficient number of patients from a routine clinical setting in order to adequately adjust for multiple factors known to be associated with CV disease. We attempted to reduce potential biases by recruiting participants from a consecutive series of patients attending hospital outpatients and keeping study personnel blind to patients medical histories and PWA results. A single research nurse obtained three high quality PWA recordings on each participant with a high level of repeatability. We did not recruit a healthy comparison group as previous research has already established that AIX% is significantly elevated in patients with RA (Avalos et al., 2007; Cypiene et al., 2007) In order to minimise any 'ceiling effect' in our measurement of arterial dysfunction we excluded patients over the age of 65 years (as arterial dysfunction appears to plateau from the age of 65 years onwards) (Soiza et al., 2007) and we also excluded patients with overt arterial disease for the same reason. Consequently 'arterial dysfunction' in this study is sub-clinical. Despite these restrictions the characteristics of our RA patients are similar to those receiving outpatient care elsewhere in the UK (Panoulas et al., 2007) .
Unlike previous studies assessing arterial dysfunction in RA we did not exclude patients with established CV risk factors (such as smoking or hyperlipidaemia), but instead adjusted for these in our analysis. We recruited a sufficient number of patients to adequately adjust for multiple CV risk factors identified in the INTERHEART study as being associated with myocardial infarction (Iqbal et al., 2008) . The characteristics of our study participants in relation to vegetable-fruit consumption are comparable to those in the large INTER-HEART case-control study, in which daily vegetable-fruit consumption (a 'prudent diet') was also associated with being female, more physically active, not smoking, university education and lower brachial BP (Iqbal et al., 2008) .
Participants self-completed two dietary questions derived from the Multifactor Screener (National Health Interview Survey, NHIS, Cancer Control Supplement, 2000; Thompson et al., 2005) to assess the intake of fruits and vegetables. The consumption of potatoes was excluded from 'vegetable intake', because their consumption has not been associated with CV disease in large prospective cohort studies (Joshipura et al., 2001) . Our assessment was limited in that we did not record portion sizes, distinguish between the type of vegetables consumed or whether they were raw/cooked. Although we have not assessed total energy intake, we have adjusted for several factors associated with total energy intake (age, sex and physical activity); the inclusion of body mass index (which also correlates with total energy intake) in the multivariable model made no difference to the results reported.
Given that we have adjusted for the major CV risk factors confirmed by the INTERHEART study, the possibility that other confounding factors could explain our findings is unlikely. We cannot exclude the possibility that the severity of RA, which we have previously demonstrated is associated with arterial dysfunction (Crilly et al., 2010) , may have prompted patients to adopt a more 'prudent diet' (higher in vegetables) (Salminen et al., 2002) . Although such confounding would tend to reduce rather than increase the observed differences in AIX%. Our findings may not be applicable to patients outside the age range of 40-65 years, or to those known to have arterial disease. Although previous epidemiological studies have confirmed a biological gradient of reducing risk of death with increasing vegetable consumption (Joshipura et al., 2001; Iqbal et al., 2008) , we were unable to confirm a comparable relationship between arterial function and vegetable intake and in this study.
In this clinical study we found that daily vegetable consumption, but not daily fruit consumption, was independently associated with more favourable arterial function in patients with RA The recent elucidation of the 'enterosalivary circulation of nitrate' provides a biologically plausible explanation for these findings, particularly as vegetables are the major source of nitrates in the diet.
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